Background. Spatial ability (SA) has long been the focus of research in psychology, because it is associated with performance in science, technologies, engineering, and mathematics (STEM). Research has shown that males consistently outperform females in most aspects of SA, which may partially explain the observed overrepresentation of male students seeking STEM degrees.
Introduction
Spatial ability (SA) is the capacity to manipulate mental representations of objects and to understand the relationships between them (Wai, Lubinski & Benbow, 2009 , Rimfeld, et al., 2017 . It also represents a set of cognitive skills that help people in everyday life. SAs have been linked to a number of life outcomes. For example, better-developed SAs are associated with higher achievements in science, technology, engineering, and mathematics (hereafter identified as STEM) (Uttal et al., 2013 , Shakeshaft, 2016 .
Research has suggested that spatial ability is a factor separable from general intelligence, but no consensus exists on the exact nature and structure of SA (Harle & Towns, 2011; Shakeshaft, 2016) . Several recent studies suggest that SA has mostly a unifactorial structure in adults, i.e., different aspects of SA show high correlation with each other (Rimfeld et al., 2017) . However, it remains unclear, whether the observed differentiation among different SA tests results from measurement error or reflects partial construct independence. It is also not clear whether the structure of SA differs as a function of people's study or occupation. For example, for people whose university degree involves only some spatial tasks, it could be expected that these abilities will form a factor which is separate from other (untrained) aspects of SA.
In line with this hypothesis, research has suggested that spatial abilities may be associated with training in technical specialties, as students with technical degrees have been shown to have better spatial abilities (Rodán, et al., 2016) . Initial strengths in SA may influence the choice of the study/professional direction (Kruglik, 2013 , Kell, Lubinski, et al., 2013 . In turn, STEM education may further develop SA. This is because students in STEM courses deal with spatially relevant material, such as geometry, more often than humanities students (Baenninger & Newcombe, 1989) .
For example, chemistry students have been shown to outperform art students in mental rotation (Peters et al., 1995) . Part of the explanation for this advantage, may be that chemistry students study molecular geometry, which requires 3D visualization for the construction of molecular structures (Harle & Towns, 2011) . The results of a longitudinal study of the spatial abilities of engineering students also support the hypothesis that spatial elements of training can improve spatial abilities. The study showed that the average score of female engineering students on the Purdue Spatial Visualization Test: Rotations (PSVT: R; Guay & McDaniel, 1977) increased over the course of studying for their degree (Sorby & Veurink, 2010) .
Another robust group difference in SA is the male advantage: males of all ages consistently outperform females on spatial ability tasks (Pannini et al., 2016; VuokComparing Spatial Ability of Male and Female Students Completing Humanities… 39 simaa et al., 2010; Hirnstein et al., 2014) . The effect sizes of the differences vary from modest to moderate across studies, with the largest effect sizes of nearly 1.0 SD shown for 3-D mental rotation tasks (Harle & Towns, 2011 , Halpern & Collaer, 2005 . For example, in a study of mental rotation, although both sexes improved in spatial ability with age, males outperformed females (ŋ p ² = .16) at all ages (9-23 years old) (Geiser et al., 2008) . This result was replicated in another study of spatial abilities in adults (20-70 years; ŋ p ² = .13) (Titze et al., 2010) .
The observed sex differences in SA may partially explain the disproportion of girls and boys in STEM fields, i.e. the STEM gender gap observed in many countries. Indeed, the percentage of females among STEM graduates ranges from 12.4% in Macao to 40.7% in Algeria; the median is 25.4% (Stoet & Geary, 2018) . This underrepresentation is surprising, considering the absence of sex differences in mathematical performance. For example, a recent study has found that 15-year old girls performed similarly or better than boys in science in 67% out of 67 countries participating in the 2015 Program of International Students Assessment (PISA). Another study suggests that in nearly all countries more girls are capable of pursuing college-level STEM study than currently enroll (Stoet & Geary, 2018) .
One limitation of most previous studies is that they measured only one or a few aspects of SA. Therefore, there is a lack of understanding as to whether sex and study/occupational differences are present for some or all aspects of spatial ability (Harle & Towns, 2011) . More insight is also needed into why differences in spatial ability exist between representatives of different occupations. Existing research suggests that students in STEM fields on average show greater spatial ability than students in Humanities for two reasons: 1) students with higher SA choose to study STEM; and 2) studying STEM improves SA. Exploring the structure of SA in STEM vs. Humanities students can provide new information on this issue.
Objectives
The current study investigates sex and study field differences in SA, using a gamified online test battery, in a sample of STEM and Humanities students. The battery consists of 10 different domains for SA, including 2D and 3D visualization, mental rotation, spatial relations, spatial planning, mechanical reasoning, spatial orientation, and spatial decision making. Based on previous research, we formulated three main hypotheses:
1. Men will outperform women on all 10 components of SA, with a small average effect. 2. STEM degree students will outperform Humanities degree students, with small average effect. This difference will not be explained solely by sex. 3. Both the STEM and Humanities groups will show a unifactorial structure of spatial abilities.
Design

Participants
The data were collected from 882 participants (38% males; mean age = 19.69; standard deviation = 2.09) attending leading universities in different cities in Russia. The participants were studying for different degrees/occupations: Science, Technology, Engineering, and Mathematics (STEM) disciplines (N = 446, 55% males), and Humanities (Hum) (N = 406, 20% males). The STEM group included students studying for Technical and Natural science degrees. Additional analyses were performed on the three groups separately (Technical, Natural Sciences, and Humanities). These analyses (available from the authors) revealed that the Natural Sciences and Technical sciences groups produced a very similar pattern of results. Therefore, for the present report, we combined these groups in one STEM group.
Procedure
All participants gave consent for their participation. No reward was given. The data collection was anonymous, with only ID numbers entered into the database. First, participants completed the online spatial test battery called the King's Challenge (KC). Each item had a time limit. After the time was up, the test automatically switched to the next subtest. The average time for all subtests of the KC battery was approximately one hour. In addition to the KC battery, participants filled in a demographic questionnaire and took a verbal abilities test. This was not time-limited, and took no longer than 20 minutes. The study was approved by the Ethical Committee for Interdisciplinary Investigations, Tomsk State University.
Measures
Demographic questions. Participants completed a questionnaire that included demographic questions about their age, sex, university, and city of study, as well as information on the professional degree they were seeking.
Verbal questionnaire "My Vocab". The "My Vocab" test (Golovin, 2015) was used to assess verbal ability. The baseline design of the test is similar to the Mill Hill Vocabulary Scale (Raven, 1998) . Russian vocabulary size was measured using a short version of the test (see Maslennikova et al., 2017) . The test estimates the vocabulary of respondents aged 15 to 21 years old. The test consists of 99 test words, comprised of 95 real words and 4 fake words. The latter are included in order to assess whether participants complete the task honestly. This small number of test words allows the measurement of passive vocabulary volume. We used the total score (the number of words that participants knew the meaning of). Data from participants who marked at least one non-existent word were excluded from the analysis. The resulting distribution showed a negative skew. Therefore, we excluded data from participants whose scores were less than 19. This resulted in a close-to-normal distribution. The verbal test was included in this study in order to assess whether the samples from different universities/cities were comparable.
Spatial ability battery "King's Challenge". Spatial ability was tested using an online gamified battery called "King's Challenge" (Rimfeld et al., 2017) . The battery includes 10 spatial tests capturing the major putative dimensions of spatial ability. The 10 subtests are described in Table 1 . At the end of the battery, participants received feedback on their performance across the 10 subtests. For additional information about the King's Challenge battery, see supplementary online information in Rimfeld et al. (2017) . Statistical analysis. ANOVA, exploratory factor analysis and confirmatory factor analysis of the data were conducted using software SPSS 22.0 and JASP 0.8.6.0.
Results
The participants' vocabulary corresponded to the reported average values of vocabulary of men and women of their age and level of education (Golovin, 2015) . We further analyzed the vocabulary to assess the homogeneity of the sample. There were no significant differences in the volume of vocabulary between men and women (F = .79, p = .37, ŋ 2 = .002), or field of study (F = 4.11, p = .04, ŋ 2 = .006). The volume of vocabulary differed significantly among respondents from different cities (F = 9.08, p<.001); however, these differences were small (ŋ 2 = .066). Details of these analyses are available from the authors.
Tables 2 and 3 present descriptive statistics for each subtest of the "King's Challenge" (KC) battery, by sex and degree. The variables were standardized over the whole sample. The tables also present the levels of difficulty of the tasks, expressed as a proportion of correct responses.
Sex differences
ANOVA results showed that males significantly outperformed females on all subtests. Effect sizes ranged from .01 (for pattern assembly, paper folding and shape rotation) to .11 (for mechanical reasoning). All comparisons by sex are presented in Table 2 . The size of the effect on the total KC score was .05. Levene's test shows that for most subtests and the total KC score, the variances were homogeneous. The two exceptions were: 3D drawing (rotation and visualization) and perspective-taking (spatial orientation and visualization). Table 3 presents the comparisons according to the student's degree of study. Significant differences (p<.001) were found between the STEM and Humanities groups for all subtests and the total score of KC. The size of effect varied from .02 (for pattern assembly) to .10 (total KC score).
Differences by degree (field of study)
Levene's test showed homogeneous variances for all tests except 2D, 3D, and perspective-taking.
After controlling for sex, the effect sizes for some of the tests were significantly reduced, such as for mechanical reasoning (from .07 to .02) and perspective-taking (from .06 to .02). However, for other tests (2D, 3D, and total score), this change was less pronounced. 
Sex by Study field (degree) Interaction
We performed a 2 (STEM versus Humanities) x 2 (male versus female) ANOVA (See Table 4 ). The results revealed a major effect of sex (F = 14.57, p < .00, ŋ² = .016); and a main effect of degree (F = 49.02, p<.001, ŋ² = .06). The contribution of the degree was greater than the contribution of sex. No interaction was found between sex and degree (F = .01, p<.94, ŋ² = .00). Factor analysis First, we tested the 10 variables using both the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy (MSA) and Bartlett's test of sphericity. For the STEM group, the KMO value was .90 and the chi-square value was 1007.79 (p < .001). For the Humanities group, the KMO value was .91 and chi-square value was 848.86 (p < .001). These indicated that the data could be used with factor analysis (Hair et al.,1998) . We determined the number of factors using an eigenvalue of more than one. For the STEM group, one factor (eigenvalue 4.10) explained 41.01% of the variance. For the Humanities group, one factor (eigenvalue 4.16) explained 41.65% of the variance (see Table 5 ).
Examination of the scree plots ( Fig. 1) revealed an obvious "elbow" after the first factor. The results of the factor analysis show that the STEM and Humanities groups have similar unifactorial structures of spatial abilities. 
Discussion
The results show that our first hypothesis was supported. Males on average outperformed females in all spatial tasks, with effect sizes ranging from .02 to .11. These results are consistent with previous studies, demonstrating male advantage in SA in adults, with similar effect sizes (Titze et al., 2010; Linn & Petersen, 1985) . As in previous studies, the largest differences were observed in tasks that required understanding of everyday physics, and the ability to make a fast decision about trajectory (mechanical reasoning and Elithorn mazes subtests). The better performance by males on these tasks is in line with the hypothesis that boys have greater experience with certain tasks that promote greater development of spatial cognition, such as activities that involve eye-hand coordination, estimating trajectories of moving objects, or moving about within a complex spatial configuration (Cherney, 2010) . Surprisingly, mental rotation (shape rotation subtest) showed small sex differences in this study (.2) . Previous research showed a greater effect size (.5-.9) for this ability (Linn & Petersen, 1985; Parsons, 2004) . This difference may be due to the differences in the tasks presented. The 2D figure with four different pieces inside which we used in our study may require somewhat different processing than figures of the Vandenberg Mental Rotations task, often used in previous studies. In the present study, the details which could be markers for rotation were obvious, and rotation required only left/right axis; this is different from when stimuli require rotation along both the top/bottom axis and the left/right axis (Peters et al., 1995) . However, the small effect size is unlikely to be explained by the reduced difficulty of the task. As shown by the proportion of correct responses, the task was difficult (approximately 50% correct responses). In addition, there was no correspondence between the difficulty of the tasks and the effect size.
Our second hypothesis was also confirmed. The STEM group outperformed the Humanities group in all SA subtests and the total score (effect size ranged from .002 to .7). The biggest advantage of STEM degree students was observed for 2D and 3D drawing, as well as on the KC total score (5-7%). The observed differences between degrees (fields of study), such as in 3D drawing, may be partly explained by the STEM students' extensive use of computer technologies, such as software for design and simulation, which often use 3D manipulation of objects (Metz, et al., 2012; Sorby & Veurink, 2010) .
The results of the study suggested no interaction between sex and degree. In other words, males on average outperformed females, irrespective of whether they were STEM or Humanities students; and the STEM advantage was observed for both males and females. Moreover, the field of study differences were not fully explained by the over-representation of males in the STEM group. The differences between the two degrees were reduced but did not disappear after correcting for sex.
The reasons for over-representation of men in STEM and of women in humanities which was observed in this study, remain poorly understood, and may include gender stereotypes regarding educational choices (Ramaci, et al., 2017) . The STEM gender gap may also emerge partly because students select their field of study based on their evaluation of their intra-individual strengths and weaknesses, irrespective of their objective ability (e.g., Stoet & Geary, 2018) . According to previous research on common educational practice, students tend to select their area of study based on an evaluation of their intra-individual strengths and weaknesses (e.g., Gardner, 2016) . Research has shown that in a majority of the countries studied, boys, on average, performed better in math (100% of countries) and science (97% of countries) than in reading. By contrast, girls, on average, showed higher performance in reading than in math and science in all countries (Stoet & Geary, 2015) .
Finally, our study's third hypothesis was also confirmed. Despite average differences in performance, the structure of spatial abilities for STEM and Humanities groups was very similar. For both groups, one factor explained a very similar proportion of the overall variance (41 and 42%) and showed a unifactorial structure of SA. This result suggests that, if pursuing STEM education has an influence on SA, this influence is global, affecting all aspects of SA rather than a sub-set of practiced skills. An alternative explanation is that the SA advantage shown by STEM students, partly accounts for why they are pursuing STEM, rather than resulting from their practice while studying for their degree. Longitudinal research is needed to further investigate these alternative explanations.
Conclusion
This investigation explored the spatial ability of male and female students completing Humanities and STEM university degrees. Males on average performed better on spatial tasks than females. STEM students outperformed Humanity students in all SA tasks, and these differences weren't completely explained by the over-representation of males in the STEM group. There was no statistical interaction between sex and field of study. Both groups had a unifactorial structure of spatial abilities. Longitudinal research is needed for a better understanding of the processes underlying the group differences we observed.
Limitations
This study had a number of limitations. First, the homogeneity of the sample was measured by a short verbal ability test, rather than a measure of general cognitive ability. Second, the results showed heterogeneity of variance on a number of subtests, which may indicate task-specific technical issues. Third, the study was not longitudinal and did not allow for evaluating whether studying for a STEM degree can enhance SA.
